A plug-in oil hose joint is used as the research object in this study. Aimed at the problem of pipeline breakage due to insufficient strength of the joint during the process of oil transportation on the sea, a three-dimensional geometric model of the joint is constructed according to the structural characteristics of the plug-in joint. e mechanical properties of the plug-in hose joint were studied by numerical simulations and field experiments. e strength of the joint was optimized by applying materials with different properties and adjusting the circular angle of the joint. e tensile strength test results of the plug-in oil hose joint are consistent with the theoretical analysis, which shows that the method proposed in this paper can effectively improve the tensile strength of the oil hose joint. It is of great significance to expand the scope of the plug-in connector and ensure the safe and stable use of the hose system.
Introduction
A plug-in connector has the advantage of quick connection and is widely used in a variety of industrial and engineering activities, especially in the offshore soft oil pipeline system. Since characteristics of the soft pipeline include small bending rigidity and high tensile strength, the shape of the soft pipeline can be easily changed to transmit the external load to the hose connector position, resulting in the hose joint becoming the weak part of the entire hose system. is is particularly evident in the use of marine hose systems. If the joint is damaged, oil leakage can occur, along with possible fire and other security threats. erefore, the study of joint strength has attracted much attention.
During the past decade, the study of joint strength has developed in a variety of directions. Some scholars have studied the fatigue strength of welded joints. Lazzarin et al. tested more than one hundred aluminum symmetric double butt joints to clarify the influence of geometrical, technological, and environmental factors on the fatigue behavior and failure modes of bolted joints [1] . Atzori et al. investigated the possibility of unifying different criteria regarding the fatigue strength of welded joints [2] . Lazzarin and Livieri summarized the fatigue strength of aluminum welded joints with different geometries and thicknesses in a single scatter band by using a notch stress intensity factor-(N-SIF-) based approach [3] . In 2004, Lazzarin et al. found that the critical radius R-C was approximately 0.40 mm for welded joints made of Fe E 460 steel and approximately 0.10 mm for joints made of AlSi1MgMn alloy under high-cycle fatigue conditions [4] . Meneghetti and Lazzarin presented an expression linking the peak stress and local strain energy value, which can be used in plane problems when mode II stress fields are nonsingular (at the weld toe) or of low intensity (at the weld root) [5] . In welded lap joints and cover plates, both mode I and mode II stresses are singular at the weld root, where fatigue cracks are likely to initiate. Meneghetti extended the peak stress method (PSM) to mode II loading conditions and derived an equivalent peak stress, which is used to assess either weld toe or weld root fatigue failures [6] . Al Zamzami and Susmel investigated the accuracy and reliability of hotspot stresses, nominal stresses, effective notch stresses, notch stress intensity factors (N-SIFs), and material length scale parameters in estimating the fatigue lifetime of aluminum welded joints [7] . In 2017, Meneghetti et al. defined a so-called equivalent peak stress by adopting the average strain energy density (SED) as a fatigue strength criterion and adopted it to assess either weld toe or weld root fatigue failures in conjunction with a properly defined design curve [8] . Song et al. presented fatigue failure crack initial points and the fatigue failure mode transition relationship between the weld toe and root of load-carrying cruciform welded joints on the basis of LEFM and Williams' notch stress intensity theory. In addition, they proved that the SED approach can be used to assess fatigue failure behaviors for load-carrying cruciform welded joints, since it can effectively reflect failure characteristics [9] .
At the same time, other researchers focused on the shear strength of solder joints during aging. Tomlinson and Fullylove tested the single overlap joints of copper and brass soldered with tin and tin-based solders containing 1% Cu, 3.5% Ag, 5% Sb, 57% Bi, 2% Ag, and 36% Pb and found that brass joints were generally slightly stronger than copper joints and tended to show more scatter [10] . Aging at 70, 120, 155, and 170 degrees, Chan et al. studied the growth kinetics of the interfacial Cu-Sn intermetallic (IMC) layer and its effect on the shear strength of practical LCCC surface mount solder joints for isothermal processes [11] . Poon et al. studied two lead-free solder alloys, namely, 50 tin-50 bismuth (Sn-Bi) and 96.5 tin-3.5 silver (Sn-Ag), for their use in surface mount solder joints. ey found that Sn-Ag solder was better than Sn-Bi solder in terms of residual thermal shock shear strength. In addition, Sn-Bi solder showed good properties when treated with −25-to-85-degree thermal shock [12] . Ahat et al. investigated the microstructure and shear strength changes of SnAgCu/Cu and SnAgCu/Ni-P/Cu surface mount solder joints during thermal aging at 150 degrees and thermal cycling between −40 and 150 degrees [13] . Deng et al. focused on the lap shear behavior of Sn-3.5Ag/Cu joints as a function of solder yield strength and intermetallic thickness. eir experimental results showed that the shear strength of the solder joints is primarily controlled by the mechanical properties of the solder and not by the intermetallic thickness [14] . Lee and Lee investigated composite lead-free solders fabricated by adding between 0.5 and 3 wt.% of Ni particles in situ to Sn-3.5 wt.% Ag lead-free solder and found that the single lap shear strength of the joints increases with increasing Ni addition in the as-reflowed condition but decreases with increasing storage time in the aged specimens [15] . To investigate the formation and growth of the intermetallic compound (IMC) layer at the solder/metallization interface, Nai et al. performed an isothermal aging study on solder joints. In their study, varying weight percentages of carbon nanotubes (CNTs) were incorporated into a Sn-Ag-Cu solder matrix to form composite solders. e results showed that the presence of CNTs was effective in slowing the growth of the IMC layer [16] . Wei et al. investigated the growth rule of the interfacial intermetallic compound (IMC) and the degradation of shear strength of Sn-0.8Ag-0.5Cu-2.0Bi-0.05Ni (SACBN)/Cu solder joints in comparison with Sn-3.0Ag-0.5Cu (SAC305)/Cu solder joints, aging at 373, 403, and 438 K [17] . Dele-Afolabi et al. performed an analysis of the role played by the addition of carbon nanotubes (CNTs) to the solder matrix of conventional Sn-5Sb lead-free solder, and the shear strength assessment revealed that the composite solder joints presented a superior shear strength property, especially the Sn-5Sb-0.01CNT solder joint sample [18] . Choudhury and Ladani focused on investigating the effect of different volume fractions of IMCs on the shear behavior of microscale solder joints with a 50 μm standoff height. eir research shows that the ultimate shear strength and strain to failure are largely dependent on the volume fraction of IMCs. In addition, the far-field or nominal shear strain is completely different than the local shear strain behavior at the solder joint region [19] .
ere are also experts devoted to the prediction and optimization of lap joint strength. Hattori applied a new adhesive strength evaluation method, using two stresssingularity parameters to single-lap joints, which are generally used as adhesive strength test specimens [20] . Contrary to the two coupled nonlinear governing equations for an adhesive adherend sandwich of the single-lap type, Tong proved that the product of the adhesive strain energy density and the adhesive thickness is equal to the energy release rate J of mode I, mode II, and mixed fractures [21] . Liu and Sawa analyzed the single-lap band adhesive joints of similar adherends subjected to external bending moments as a four-body contact problem using a two-dimensional theory of elasticity (plain strain state). Moreover, they proposed a method for estimating joint strength using the interface stress and strain obtained by the analysis [22] . Different from the traditional methods of either increasing the lap joint area or altering the joint geometry, Sancaktar and Kumar introduced a novel approach for increasing lap joint strength by the selective use of rubber toughening in epoxy. Furthermore, the nonlinear FEA was shown to represent the experimental results more closely than the linear approach [23] . Liu and Sawa conducted stress analysis and strength evaluation of single-lap adhesive joints combined with rivets (i.e., singlelap riveted adhesive joints) under external bending moments by three-dimensional finite element analysis (FEA) [24] . Sancaktar and Nirantar studied the effect of tapering the ends of the adherend on the joint strength and joint deformation behavior of single-lap joint geometry [25] . Campilho et al. predicted the strength of single-lap and double-lap joints by a standard and extended finite element modeling method [26] . Pinto et al. conducted a test with two adhesives (brittle and ductile) varying the adherend thickness and the number, layout, and diameter of the holes to analyze the effect of hole drilling at the overlap on the strength of single-lap joints [27] . Reis et al. discovered that the shear strength of single-lap adhesive joints was influenced by the adherend stiffness, and the highest shear strengths were obtained using high stiffness adherend materials. e overlap length influenced the shear strength in different ways depending on the adherend materials [28] . Hu et al. investigated the static mechanical performance of adhesively bonded joints after different temperature exposures through a joint quasi-static shear strength test [29] . Since the overall strength of adhesively bonded joints is dependent on the properties of the adhesives, Xu and Wei performed the assessments of adhesive 2
Advances in Materials Science and Engineering properties systematically through defining both strength mixity and energy rate mixity and using them to characterize the overall strength of metallic single-lap joints [30] . Assuming only a longitudinal normal stress linear distribution in the joint thickness direction, Zhao et al. presented a twodimensional (2D) analytical method capable of providing an explicit closed-form solution to predict the elastic stresses in balanced single-lap adhesive bonded joints [31] . Parida and Pradhan studied the mixed mode fracture behavior of embedded delaminations in lap shear joints (LSJs) made with curved laminated FRP composite panels under uniform applied extension [32] . Valeva and Ivanova considered the application of the shear lag method to investigate the failure mechanism (interface debonding) of joints (with a continuous overlap zone and with a gap in the overlap zone) of a smart structure consisting of two layers (PZT-4 and carbon/glass fiber-reinforced composite) under static load [33] . Adin analyzed the effect of adherend dimensions and scarf angle on the mechanical behavior of different adhesively bonded joints [34] . It should be mentioned that much of the work so far has focused on the prediction and strength optimization of welded joints, lap joints, and solder joints. Little is known about plug-in oil hose joints. We demonstrate through an extensive literature review that the existing models are not capable of handling the specifics of the problem in this study.
is paper aims to determine a method for improving plug-in oil hose joint strength by theoretical analysis and experimental verification. Following the introduction, the remainder of this paper is organized as follows. Section 2 analyzes the operation loads when the pipeline system is applied in a marine situation. Section 3 establishes the structure of the plug-in-type oil transportation hose joint. Section 4 conducts simulation analysis on the strength optimization of plug-in oil hose joints. Section 5 includes experimental studies of the strength optimization of plug-in oil hose joints. Section 6 concludes the paper.
Operation Load Analysis
When the hose system is used on land, it is less affected by the outside world in general situations. However, for the marine pipeline, the situation is completely different. Considering the environmental factors, the marine hose system is influenced by ocean waves, ocean current, wind load, and so on. In the actual process, since the direction of ocean waves, ocean currents, and wind load action can change at any time, the shape of the soft hose changes frequently, leading to a complex force situation on the pipeline. Considering that the bending moment of the hose joint is small and is mainly subjected to the axial stretching effect, this paper mainly analyzes the mechanical properties and strength optimization of the plug-in hose joint under axial load.
Structure of the Plug-In Oil Transportation Hose Joint
To facilitate the connection and disassembly of the joint, several auxiliary structures are designed externally. However, these structures increase the difficulty of modeling the mechanical analysis of the joint and also make few contributions to improving the tensile strength of the joint. erefore, according to the forces acting on the joint, a threedimensional geometric joint model is established by ignoring the local difference and simplifying the complicated and less influential structure. A three-dimensional view of the joint is shown in Figure 1 . e three-dimensional view of the assembly is presented in Figure 2 . To better understand the structure of a plug-in oil hose connector, different part views of the joint are presented, which are shown in Figure 3 
Simulation Analysis on Strength
Optimization of the Plug-In Oil Hose Joint 4.1. Model Assumptions. During actual usage on the sea, due to the ocean waves and currents changing at any time, the soft pipeline system is subjected to forces from different directions. Under the action of various loads, the hose is stretched, bent, rotated, and so on. However, because the bending stiffness of the hose is small, the loads are finally transmitted to the hose joint part, resulting in the tensile behavior of the joint in the axial direction. erefore, this paper assumes that the insert-type connector is only affected by the axial load, and the joint does not bear the torque. Meanwhile, other joint behaviors, such as rotations, are not 
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in the scope of the study. In addition, the joint material is uniform, and the joint has no initial defects due to other causes.
Model Establishment.
Based on the basic model of the plug-in connector, a three-dimensional geometric model is established using SolidWorks. To determine the connection position of the connector assembly and its e ective width, the angle α between the centers of the symmetrical wedgeshaped part of the joint and the center angle β corresponding to the wedge-shaped part are de ned, as shown in Figure 4 .
First, the plug-in unit is constructed, and the symmetrical units are assembled into connectors. A sectional view of the assembly hose joint is presented in Figure 5 . e threedimensional geometric model of the joint is introduced into the HyperMesh software for grid generation, and the grid of the local contact area is encrypted. During this procedure, a total of 20450 hexahedrons were divided, and the unit format was set as a reduced integral hexahedral element, which is shown in Figures 6 and 7 . Finally, a geometric model with better mesh quality is imported into ABAQUS for simulation analysis. According to Table 1 , the material properties are established, and the section with this material is built.
e static general analysis step is set, and the geometric nonlinearity function is opened. e initial incremental step is 0.1, the minimum analysis step is 1E − 009, and the maximum incremental step is 10000. Furthermore, the contact surface of the assembly hose joint is determined, and the aluminum alloy friction coe cient is de ned as 0. 3. e left side of the joint is set as the xed surface, and the displacement along the x-axis, y-axis, and z-axis is xed. Meanwhile, the right side of the joint is set as the movable surface, and a reference point is set at the center of the movable surface, which establishes the coupling constraint with the right side of the joint. In addition, the displacement of the reference point along the x-axis and the y-axis is xed, and the movement along the z-axis is reserved. e setting process is shown in Figures 8 and 9 . Finally, the nite element model is set up and submitted to the standard solver in ABAQUS for analysis and calculation. Figure 10 
Numerical Result Analysis

Strain Analysis of the Plug-In Joint.
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preliminary analysis shows that the strain distribution of the fixed and movable ends of the joint assembly is similar. In Figure 10 (a), the strain mainly occurs inside the wedgeshaped part of the joint and the connecting part with the joint slot. e strain is limited at other locations. In Figure 10 (b), the strain only occurs at the connecting position with the wedge-shaped part of the joint, and the strain on the outside of the slot portion is greater than the strain on the inside. Along with the direction of slot thickness, the maximum strain occurs at the upper surface of the joint slot, and as the thickness increases, the strain gradually decreases. e strain of the wedge part is mainly concentrated on the inner side and central position of the back side, which is primarily because the wedge part of the joint acts as the main fixing and force-bearing part. In the process of pulling the joint, the inner side of the wedge part is extended to the outside, thereby driving the wedge back into position to shrink inward, resulting in the strain concentration. Figures From Figure 11 , the change law of the logarithmic strain components and the equivalent plastic strain are almost equal, and the maximum value of the equivalent plastic strain is greater than that of logarithmic strain components. e strain occurs mainly on the outside of the joint-connecting surface.
e maximum strain of the monitoring points in different paths decreases as the path relative position parameter A/L increases, indicating that the strain distribution of the slot is mainly concentrated at the bottom of the connecting part from the perspective of longitudinal direction.
(2) Strain Analysis of the Wedge-Shaped Part of the Joint. Similar to the previous section, a series of monitoring points were set in the YOZ plane with different X values on the surface of the wedge-shaped part of the joint to analyze the stress and strain distribution regulation. Beginning from the bottom of the wedge-shaped part, a monitoring point was selected at every 1 mm to build the monitoring path. e relative position of the monitoring point is defined by the ratio of the distance of each monitoring point to the starting point at the bottom position and the length of the entire path. e logarithmic strain component and the equivalent plastic strain distribution curves of the different paths of the wedge are extracted, as shown in Figure 12 .
In Figure 12 , it can be seen that the overall variation of the strain at the wedge-shaped part is in the form of waves, and there are two extreme points in the entire path. For A/L � 0.2, when the position of the monitoring point begins at the bottom of the wedge to the middle position, that is, the normalized distance of the monitoring point is 0.3∼0.4, the logarithmic strain value increases rapidly and reaches a maximum value of 0.08 at the normalized distance of 0.4, indicating that the strain on the entire wedge is centered at the top position of the back of the wedge. e main reason for this phenomenon is that the wedge-shaped part tends to bend toward the inside under the effect of the drawing load, so the maximum change occurs at that position.
Stress Analysis of the Plug-In Joint.
e stress distribution of the joint is shown in Figure 13 . In Figure 13 (a), the stress at the fixed end of the assembly is mainly concentrated in the middle of the wedge part and the connected slot area, and the stress distribution at this part is symmetrical. In Figure 13 (b), the connecting area in the joint slot has a significant stress concentration because it is regarded as the main force in the drawing process. e stress in the thickness direction of the edge is also large, mainly due to the transmission of the force within the joint during this process. Figure 13 (c) shows the sectional stress distribution diagram of the wedge-shaped joint section. From the figure, the stress of the wedge-shaped part is mainly concentrated at its top bayonet position, and the stress concentration situation from the upper part to the bottom part gradually decreases. Furthermore, the high stress region in the middle position is narrow. In the middle of the wedge, because of the large thickness, the stress concentration mainly occurs on the inner side, and the degree of stress concentration is smaller on the outside. Figure 13(d) represents the sectional stress distribution diagram of the joint slot. e stress at the joint slot is concentrated in the bending part, and the high stress area in the middle is wider. erefore, this part is the dangerous area of the joint in the drawing process. Step Normalized distance from the origin point 
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(1) Stress Analysis of the Plug-In Joint Slot. e equivalent stress, x-axis stress, y-axis stress, and z-axis stress data of the six monitoring points in the plug-in joint slot are extracted, and the corresponding stress curves are drawn in Figures 14  and 15 . Figure 14 (a) shows the equivalent stress distribution curve of six monitoring paths of the joint slot. In this part, the change regulation of equivalent stress is analyzed using the path A/L 0 as an example. As shown in the diagram, the maximum equivalent stress of the joint slot is 300 MPa, and the Mises stress at the starting point is 0. Furthermore, the equivalent stress linearly increases when the monitoring point is located in the 0∼0.2 normalized distance area. At x 0.2, that is, at the left boundary point of the assembly connection area, the equivalent stress of the monitoring path reaches its maximum value of 300 MPa. e stress remains at its maximum value when the monitoring point is in the 0.2∼0.4 normalized distance area. en, as the monitoring point continues to approach the end of the path, the stress drops sharply to 50 MPa and increases slightly to the local maximum value of 90 MPa. Finally, the equivalent stress continuously decreases and eventually reaches zero at a normalized distance of x 1.0. According to the analysis of the other ve stress curves, the stress changes along di erent paths are similar. Unlike the curves A/L 0 and A/L 1, the four curves of A/L 0.2, 0.4, 0.6, and 0.8 have local minimum values when the monitoring point is located in the 0.2∼0.4 normalized distance area, indicating a local low stress region in the middle of the side face of the joint slot, and it is obviously smaller than the other parts around it. Figure 14 (b) shows the S11 stress distribution curve of the joint slot. e S11 stress of the monitoring points of the six paths is less than 0, and the minimum value is −200 MPa, which indicates that the joint slot mainly bears the pressure along the x-axis direction, and the connecting part of the joint withstands the strongest pressure e ect. Figure 15 (a) shows the S22 stress distribution curves of the joint slot. Taking the path A/L 0 as an example, the S22 stress value is always positive when the monitoring point is in the 0∼0.2 normalized distance area, and the maximum value is 290 MPa, indicating that this part of the joint slot mainly bears the pull e ect in the y-axis direction. However, the stress value becomes negative when the monitoring point moves into the 0.2∼0.4 normalized distance area, and the minimum value is −310 MPa, indicating that this part of the joint slot mainly bears the pressure action in the y-axis direction. Furthermore, when the monitoring points are between 0.4 and 1.0, the stress value quickly increases to 290 MPa and then slowly decreases to 0, which shows that this part of the joint slot mainly bears the pull e ect in the yaxis direction. Figure 15(b) shows the S33 stress distribution of the joint slot. By analyzing the variation of the six curves in the graph, we determine that the S33 stress is positive when the monitoring point is in the 0.18∼0.2 and 0.4∼0.48 normalized distance areas. In addition, the S33 stress remains negative when the monitoring point is in the 0.2∼0.4 normalized distance area, and a minimum value of −400 MPa occurs, indicating that this part of the joint slot mainly bears the pressure e ect in the z-axis direction. Furthermore, the stress value is 0 when the monitoring point is located in the 0∼0.18 and 0.48∼1.0 normalized distance areas, indicating that this part of the joint slot does not have any forces acting on it in the Z-direction. Normalized distance from the origin point Advances in Materials Science and Engineering (2) Stress Analysis of the Wedge-Shaped Part of the Joint. e equivalent stress, x-axis stress, y-axis stress, and z-axis stress data of the six monitoring points in the wedgeshaped part of the joint are extracted, and the corresponding stress curve is drawn in Figures 16 and 17 . To better analyze the stress distribution of the wedge-shaped part of the joint, the stress distribution curve of the path A/L 0 has been taken as an example. In Figure 16 (a), the curve of the equivalent stress of the wedge part is approximately a wave shape, and the maximum equivalent stress value of the monitoring point on the entire path is 300 MPa. At the bottom end of the wedge, where the monitoring point is located in the 0∼0.2 normalized distance area, the strain is substantially less than 50 MPa. When the monitoring point moves from the bottom of the wedge-shaped part to the middle starting position, that is, the normalized distance of the monitoring point is in the range of 0.2∼0.3, the equivalent stress value increases rapidly and reaches a maximum value of 300 MPa when the normalized distance is 0.3. When the monitoring point moves into the 0.3∼0.45 normalized distance area, the stress maintains the maximum value of 300 Mpa, indicating that the stress at the top surface of the wedge part is highly concentrated. e main reason for this phenomenon is that the movable end of the assembly is tightly connected to the xed end before being subjected to drawing action. When the load applied to the force end increases, the load is transmitted to the weak parts of the assembly, which are the wedge-shaped part of the joint and the connecting position of the joint slot. en, as the monitoring point continues to move toward the end of the path, the equivalent stress value decreases rapidly and reaches a local minimum value of 180 Mpa at a normalized distance of 0.6 and then rapidly increases to a maximum value of 300 MPa. By analyzing the X Y Z
Step curves of the other ve paths, it can be seen that the variation rules of di erent paths are similar, and the local minimum value of the equivalent stress decreases as the monitoring path translates to the middle position of the wedge part; thus, the wedge has a low stress region in the transverse direction. Figure 16 (b) represents the S11 stress distribution of the wedge-shaped part of the joint. Taking the path A/L 0 as an example, it can be seen that, at the bottom of the wedge part, that is, the normalized distance is in the range of 0 to 0.3, the S11 stress is approximately zero, indicating that this part is not subjected to tensile or compressive stresses in the x-axis direction. When the monitoring point is located in the 0.3∼0.4 normalized distance area, the S11 stress decreases linearly and reaches a minimum value of −50 MPa at a normalized distance of 0.4. As the monitoring point continues to move toward the top position, the S11 stress value increases slightly and reaches a maximum value of 25 MPa at a normalized distance of 0.6 and remains negative afterward, indicating that the top wedge is primarily responsible for compressive stress in the y-axis direction. Figure 17(a) shows the Y-axial stress distribution curve of the wedge part. e S22 value is mostly negative from the bottom of the wedge to the top position, indicating that this part mainly bears compressive stress in the y-axis direction.
e stress reaches a minimum value when the normalized distance is 0.7. e S22 stress value of the monitoring point increases linearly between normalized distances of 0.7∼0.9, and a maximum value of 50 MPa occurs at a normalized distance of 0.85. Furthermore, the stress value decreases to zero. Figure 17(a) represents the Z-axial stress distribution curve of the wedge part. Starting from the bottom of the wedge part, the S33 stress starts to decrease from an initial value of 75 MPa and reaches a minimum value of −325 MPa at a normalized distance of 0.4. en, as the monitoring point continues to move toward the end of the monitoring path, the S33 stress value continually increases and reaches a value of 0. drawing process, the wedge parts are cut according to a certain angle, and the stress distribution variation of the cross section of the wedge parts is analyzed, as shown in Figure 18 . From Figure 18 , the stress distribution regulation of the slices at di erent thickness positions of the wedge part is nearly identical. e top position of the wedge has a high degree of stress concentration, and from top to bottom, the stress of the wedge cross section appears to reduce gradually. Beginning at the cross section of β 66 degrees, the low stress region appears at the top of the wedge, and the low stress region increases as the cross section moves toward the middle position of the wedge. As the cross section is farther from the middle position, the low stress region gradually decreases, indicating that the lateral stress of the wedge part of the joint is higher, while the internal stress of the wedge is lower.
(4) Tensile Strength Analysis of the Joint. e displacement and tension of the reference point RP on the movable ends of the joint are extracted. e tensile displacement curve of the joint is plotted using the tensile force of the x-axis and considering the displacement value of the y-axis, as shown in Figure 19 .
From Figure 19 , the limit displacement of the joint during the drawing process is 2.5 mm, and the ultimate tensile force is 91147.4 N. When the load applied to the joint is less than 10000 N, the displacement of the movable end of the joint is approximately zero. As the load exceeds 10000 N, the displacement of the movable end increases, and the relationship between the tension and the displacement is linear when the load is between 10000 N and 80000 N. When the applied load exceeds 80000 N, the displacement of the joint increases abruptly, and the joint is broken when the displacement reaches 2.5 mm. Accordingly, the ultimate tensile force of the joint is 91147.4 N.
(5) In uence of Material Properties on Strength of the Hose Joint
(1) Model Establishment. To study the change in tensile strength of the hose joint with di erent materials, the common cast aluminum alloy materials LY12CZ and LC4-CS were selected to establish di erent nite element analysis models for calculation and comparative analysis with the basic joint model applied with the LY12M material.
e mechanical properties of the three materials are shown in Table 2 .
e materials with di erent properties are assigned to basic hose joint models, and the corresponding simulation models are established, as shown in Figure 20 .
For nite element analysis models applied with aluminum alloy materials LY12CZ and LC4-CS, the static general analysis step is set, and the geometric nonlinearity function is opened in ABAQUS. e initial incremental step is 0.1, the minimum analysis step is 1E − 009, and the maximum incremental step is 10000. In addition, the contact surface of the assembly hose joint is determined, and the aluminum 
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alloy friction coe cient is de ned as 0.3. e divided units are set as reduced integral hexahedral elements. e right side of the joint is set as the movable surface, and the displacement in the x-axis and y-axis direction is xed, while the movement in the z-axis direction is reserved. Finally, the nite element model is set and submitted to the standard solver in ABAQUS for analysis and calculation.
(2) Calculation Results and Analysis. After calculating the two-material joint nite element models, the displacement and tension force of the reference point RP on the movable ends of the joints are extracted. e tensile displacement curves of the material joints are conducted by plotting the tensile force along the x-axis and plotting the displacement along the y-axis, and the results are compared and analyzed with the previous results of the joint model applied with aluminum alloy LY12M.
From Figure 21 , the variation regulation of the three displacement tension curves is similar. When the tension is less than 10000 N, the displacement of the movable end of the joint is zero, and when the tension applied to the joint continues to increase, the displacement of the movable end of the joint increases gradually from 0. Compared with aluminum alloy LY12M, the ultimate tensile force of the joint with the aluminum alloy LY12CZ material reaches 112142 N and increases by 23%. e ultimate tensile force of the joint with the aluminum alloy LC4-CS material reaches 162756 N and increases by 79%. By analyzing the performance di erence of the three materials, it is found that the yield strength of the material has a great in uence on the tensile strength of the joint. e main reason is that the material of the entire joint is singular. During the entire pulling process, the increased gap between the wedge part and the joint slot part and the corresponding morphological changes are the result of substantial material yield variation. erefore, the ultimate tensile strength of the joint can be signi cantly improved by choosing the material with higher yield strength without changing the geometric size of the joint.
(6) In uence of Center Angle on the Strength of the Hose Joint. As shown in Figure 22 , the size of the joint wedge part is de ned by the center angle β. In the basic joint model, the center angle β is equal to 23 .5°. To analyze the in uence of wedge size on the tensile strength of the joint, the joint model with di erent center angles β is established on the premise that the other parts maintain the same size, and the nite element analysis is carried out.
e joint models for the di erent center angles β are shown in Table 3 and Figure 22 . e ABAQUS software parameter is set in the same way as the previous basic model simulation process.
After calculating the four nite element joint models corresponding to di erent center angles β, the displacement and tension of the reference point RP on the movable ends of the joints are extracted. e tensile displacement curve of those joints is conducted by plotting the tensile force along the x-axis and plotting the displacement values along the y-axis, and the results are compared and analyzed with the previous result of the joint model applied with the center angle β equal to 23.5°. e results are presented in Figure 23 .
From Figure 23 , the variation regulation of the ve displacement tension curves is similar. When the tension is less than 10000 N, the displacement of the movable end of the joint is approximately zero, and when the tension applied to the joint continues to increase, the displacement of the movable end of the joint increases gradually from 0. Compared with the basic joint model with a center angle β 23.5°, the ultimate tensile force of the joint with a center angle β 21.5°is 84415.5 N, which is approximately 7% less. When the center angle of the joint is β 22.5°, the ultimate tension is 86866.7 N, which is approximately 5% less. e ultimate tensile force of the joint with a center angle β 24.5°reaches 97520.5 N and increases by 7%. e ultimate tensile force of the joint with a center angle β 25.5°r eaches 98411 N and increases by 8%.
erefore, by increasing the center angle of the wedge part of the joint, that is, increasing the contact area between the wedge part and the slot of the joint, the tensile strength of the joint can be improved.
Experimental Study on Strength
Optimization of the Plug-In Oil Hose Joint
To test the tensile strength of the plug-in hose connector and analyze the speci c failure form of the joint during the axial drawing process, a tension experiment of the plug-in hose joint sample was conducted using a 1000 kN microcomputer-controlled servohydraulic universal testing machine and compared with the relevant results of the numerical simulation. Step: u Increment 29:
Step time = 0.4099 
Test Scheme
Test Instruments and Equipment.
e experiment was performed using a 1000 kN microcomputer-controlled servohydraulic universal testing machine, which is shown in Figure 24 .
Test Method.
According to the basic size of the plug-in hose joint, different aluminum alloy materials have been selected for manufacturing joint samples, which are shown in Figures 25 and 26 . In addition, considering the mismatching problem between the universal testing machine and the hose joint and tension requirements of this experiment, carbon steel 235 material was used to make the auxiliary clamp and the connecting head. e beam and connector are shown in Figures 27 and 28 .
e joint is assembled with the auxiliary furniture to form an auxiliary xture assembly. Next, a paired tting part of the joint is assembled to form the joint assembly, which is shown in Figures 29 and 30 .
en, the auxiliary xture is tightly connected to the test machine chuck, and the distance between the upper and lower chucks of the test machine is adjusted to tighten the joint. Taking this as an initial state, the tensile force of the test machine is continuously increased until the joint is broken. e tensile strength and the form of failure of the joint during the process are analyzed, as shown in Figure 31 .
Parameter Settings. Start the test machine computer
control, open the application software, and initialize all the parameters. Set the tension acting on the joint to increase gradually at a speed of 0.1 kN/s until the joint breaks. is process is presented in Figure 32 .
Test Process.
e joint drawing process analysis is carried out using the joint with the aluminum alloy LY12M material and a 23.5°center angle as an example. At the initial state, the distance between the movable end of the plug and the xed end is 0. As the testing machine begins to produce tension and continues to act on the movable part of the joint, the distance between the moving end of the joint and the xed end gradually increases, and the relationship between the tension and displacement is linear. When the tension reaches approximately 70 kN, the distance between the moving end of the joint and the xed end increases signi cantly. At approximately 74 kN, the moving end of the joint is separated from the xed end, that is, the joint is broken. Since the system has automatic data collection, the software interface generates the tensile displacement curve slowly. e drawing process of the joint is shown in Figure 33 .
Test Result and Analysis.
During this experiment, the testing machine program automatically records the tension and displacement data and updates relative parameters in the software interface in real time, to analyze the joint displacement tension situation and determine if the joint breaks according to its changing trend.
For the test of the hose joint model with the aluminum alloy LY12M material and a 23.5°center angle, the tension displacement curve recorded is shown in Figure 34 . As shown in Figure 34 , the tensile strength of the insert-type hose joint sample was 73.85 kN. ere is a linear correlation between the tensile forces and the joint displacements, but there is a nonlinear change phase at the beginning of the curve. e main reason is that, at the initial stage, there is a certain gap between the moving end and the fixed end of the joint, which affects the displacement of the moving end of the joint (Figure 35) . Figures 36 and 37 show the tensile strength test results based on different aluminum alloy materials and different center angles. Based on these figures, the change regulation of the tensile strength of the joint sample is consistent with the corresponding theoretical analysis result, and the conclusion of the numerical analysis is verified. erefore, it can be concluded that the strength of the joint can be effectively improved by changing the joint material and increasing the center angle of the joint.
In the previous study, the results showed that the tensile force displacement curves are nearly identical between numerical simulations and experiments. However, the theoretical value of the joint ultimate tension differs from the experimental result; in other words, the test results of the tensile strength of the joint are less than the theoretical values. Several reasons may account for this phenomenon. During the finite element analysis process, it is assumed that the joint does not have initial imperfections and that the material of the joint is isotropic. However, in the actual manufacturing process, defects are inevitable, and the sample material cannot be completely uniform. Furthermore, different manufacturing methods have a greater impact on the strength of the sample. Generally, it is reasonable that the theoretical and experimental values are different, but the difference is within a reasonable range. 
Analysis of Failure Forms of the Hose Joint.
It is critical to optimize the joint size and structure and improve the tensile strength of the joint based on studying the failure mode and characteristics of the joint and analyzing the stress distribution of the weak parts of the joint. Figures 38 and 39 show the broken part of the movable end and the fixed end of the joint. By comparing Figures 38  and 39 , it can be seen that the damage of the moving end is more serious than that of the fixed end. e wedge part of the moving end is pulled off, and the deformation degree of the other wedge part is more serious. e connecting part of the joint slot of the movable end, which is connected with the wedge part of the fixed end, is also broken. e two wedges of the joint fixed end are not pulled through but are seriously deformed, and the joint slots in the fixed end are deformed significantly. erefore, the connecting position between the wedge part of the joint and the joint slot is the weakest part of the entire assembly. erefore, to improve the overall tensile strength of the joint, the size of the wedge parts of the joint and joint slot should be optimized, or the material of this part should be changed to a material of higher strength. In addition, the degree of damage of the moving end is more serious than that of the fixed end, mainly because of the test machine force effect on the fixed end through the movable end part. e force transmission mode makes the moving end of the joint more prone to stress concentration.
Strength Reliability Experiment of the PlugIn Joint during Marine Application
In order to verify the feasibility of theoretical analysis, we carried out an actual oil transportation test on a floating hose system based on improved plug-in joint in Bohai, China. e whole test lasted for 2 months.
Basic Conditions in the Experimental Sea Area. China
Bohai area has been chosen as the test site since this area is wide and the sea waves and currents are representative. e tide in this area is a regular semidiurnal tide. e strong wave is in northeast direction. Its average wave height is 0.7 m, and the maximum wavelength is 3.5 m. e second strong wave is in southeastern direction. Its average wave height is 0.5 m, and the maximum wave height is 3.0 m. e hydrology of the experimental area during the test time is shown in Table 4 .
Experimental Process.
In this experiment, the improved plug-in connector is applied to the offshore oil transmission hose for the offshore oil transportation test. In order to test the ultimate tensile strength of the joint as much as possible, the hose fitted with an improved plug-in hose joint has been laid on the sea for two months so as to experience as many different extreme sea conditions as possible. If the hose system can still operate normally under long-term continuous operation, it is proved that the test result of the improved plug-in joint is consistent with the theoretical result.
If the joint position of the hose system is damaged due to the load concentration, it is proved that the optimization result of the joint is not perfect enough. Figures 40-43 show the 
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Advances in Materials Science and Engineering overall form and process of the sea test and point out the specific parts of the joint. Figure 44 shows the final shape of the plug-in joint at the end of the test. In the experimental process, the hose oil delivery system is running normally and there is no oil leakage accident. In addition, we made a careful inspection of the joint, and no deformation or other damage was checked out, which indicates that the improved joint meets the actual use requirements. e experimental results are in agreement with the theoretical simulation results.
Experiment Result.
Conclusion
In this paper, the structural characteristics of a plug-in oil hose joint are analyzed, and the mechanical properties are studied using numerical simulations and experiments.
e main conclusions of the study are as follows: (1) the strain distribution of the fixed and movable ends of the joint assembly is similar, and the strain mainly occurs on the inside of the wedge-shaped part of the joint and the connecting part with the joint slot. (2) Along with the direction of slot thickness, the maximum strain occurs at the upper surface of the joint slot, and as the thickness increases, the strain gradually decreases. (3) e stress of the wedge-shaped part is mainly concentrated at its top bayonet position, and the stress concentration from the upper part to the bottom part gradually decreases. (4) e stress distribution regulation of slices at different thickness positions of the wedge part is nearly identical. e top position of the wedge has a high degree of stress concentration, and from top to bottom, the stress of the wedge cross section appears to gradually decrease. (5) Compared with aluminum alloy LY12M, the ultimate tensile force of a joint with the aluminum alloy LY12CZ material reaches 112142 N and increases by 23%. e ultimate tensile force of a joint with the aluminum alloy LC4-CS material reaches 162756 N and increases by 79%. (6) By increasing the center angle of the wedge part of the joint, that is, increasing the contact area between the wedge part and the slot of the joint, the tensile strength of the joint can be improved. (7) e tensile strength test results of the plugin hose joint are consistent with the theoretical analysis, which verifies the conclusion of the numerical analysis.
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